and 2015, estimating prevalence of use by year and over time. We also estimated the number of, and adjusted disease prevalence ratios for, US adults aged ≥35 years with self-reported history of heart disease, stroke, or cancer attributable to cigar smoking. We found that prevalence of current cigar smoking has remained generally stable at around 2.3% among US adults aged ≥18 years between 2000 and 2015 but has increased among female and non-Hispanic black adults. Former exclusive cigar smokers were more likely to report having had heart conditions (aPR = 1.33, 95% CI = 1.03-1.72), stroke (aPR = 2.42, 95% CI = 1.57-3.75), and cancer (aPR = 1.44, 95% CI = 1.09-1.88) than never cigar smokers. It is estimated that nearly 200,000 cardiovascular conditions and cancer cases among US adults are attributable to former exclusive cigar smoking. This analysis shows that prevalence of current cigar smoking has remained stable among US adults but has increased among certain demographic groups. Former exclusive cigar use is associated with increased prevalence of heart disease, stroke, and cancer, which may result in part from smoking cessation following disease onset.
Introduction
Cigar smoking causes many of the same health conditions as cigarette smoking (Centers for Disease Control and Prevention, 2018; National Cancer Institute, 1998) , including oral cancer, lung cancer, and heart disease (Chang et al., 2015) . It has also been estimated that regular cigar use is responsible for approximately 9000 deaths in the US each year, which represent a loss of 140,000 life-years (Nonnemaker et al., 2014) . Even so, much less information is available on trends in cigar smoking prevalence and the disease burden of cigar use. Some large national surveys, such as the National Survey on Drug Use and Health (Substance Abuse and Mental Health Services Administration, 2018) and the Tobacco Use Supplement to the Current Population Survey (National Cancer Institute, 2018), collect information on cigar smoking but do not use a minimum lifetime threshold for cigars smoked and thus may overestimate the prevalence of established cigar smokers (Ryan et al., 2012) . In contrast, the National Health Interview Survey (NHIS) has consistently included a lifetime threshold for cigars smoked, allowing for classification based on cumulative exposure. NHIS also contains information on health behaviors and conditions, allowing for estimation of the disease burden of cigar use, similar to previouslypublished estimates of cigarette smoking-attributable morbidity .
Using data from the 2000, 2005, 2010, and 2015 NHIS, we estimated US cigar smoking prevalence by year and over time among all adults. We also analyzed the association between cigar use and selfreported medical conditions, including heart conditions, stroke, and cancer, and calculated adjusted disease prevalence ratios (aPRs) for exclusive cigar use among adults ≥35 years. We then used these aPRs to estimate the number of cardiovascular conditions and cancer cases attributable to former exclusive cigar smoking among US adults aged ≥35.
Methods
NHIS is a nationally representative cross-sectional survey of the US civilian noninstitutionalized population. Sampled adults were asked about cigar use in the 2000 , 2005  response rates to the Sample Adult module ranged from 77.3% (2010) to 82.6% (2000) and there were approximately 30,000 respondents each year. We calculated cigar smoking prevalence for adults aged ≥18 years overall and by sex, race/ethnicity, and age group. Current established cigar use was defined as having ever smoked ≥50 cigars and currently smoking every day or some days, former https://doi.org/10.1016/j.pmedr.2019.100821 Received 10 October 2018; Received in revised form 31 January 2019; Accepted 6 February 2019 established use as having smoked ≥50 cigars and currently not smoking at all, and never use as having smoked < 50 cigars (Office of Disease Prevention and Health Promotion, 2014). We also calculated exclusive cigar smoking prevalence for adults aged ≥35 years, defined as cigar users who reported not having ever: smoked ≥100 cigarettes; used either chewing tobacco, snuff, or smokeless tobacco ≥20 times; smoked a pipe ≥50 times (2000, 2005) ; smoked bidis ≥20 times (2000, 2005) ; or used a traditional pipe, waterpipe, or e-cigarette (2015) . Use of cigars in conjunction with other tobacco products was also estimated. Changes over time were assessed using logistic regression.
Respondents reported if they had ever been told by a health professional that they had a heart condition (angina, coronary heart disease, heart attack, or other heart disease), stroke, or cancer. In a pooled analysis using all years of data, we used a marginal predictions approach with logistic regression (Bieler et al., 2010) to calculate aPRs for having been diagnosed with a medical condition by cigar smoking status. The aPRs were adjusted for sex, age, race/ethnicity, educational attainment, alcohol consumption, and body mass index. We estimated disease prevalence ratios only among adults aged ≥35 years to allow for cigar use to produce health effects, consistent with other estimates of cigarette smoking-attributable morbidity and mortality (Centers for Disease Control and Prevention, 2008) . To isolate the effects of cigar smoking, we restricted this analysis to exclusive cigar users. For conditions with statistically-significant (p-value < 0.05) aPRs, we calculated the number of US adults in 2015 with cigar smoking-attributable medical conditions as N × P s × P d | ns × (aPR − 1) , where N is adults aged ≥35 years in 2015 (US Census Bureau, 2017), P s is former exclusive cigar smoking prevalence (2000, 2005, 2010, 2015) , and P d | ns is history of diagnosed disease among never cigar smokers (2000, 2005, 2010, 2015) . A spreadsheet presenting all data inputs and calculations and a technical note explaining the methodology in greater detail are available as Supplementary material.
Results
Current cigar smoking prevalence among US adults overall was generally consistent from 2000 to 2015 at around 2.3%, but increased among some subgroups, including females (0.2% to 0.6%) and non-Hispanic black adults (2.0% to 3.3%) ( Table 1 ). The prevalence of former cigar smoking also increased among females (0.3% to 0.8%) and adults aged 25-34 years (1.7% to 3.5%), and decreased among those aged ≥65 years (8.1% to 6.6%) and adults of other non-Hispanic race/ ethnicity (3.4% to 1.4%). Use of cigarettes and other tobacco products was common among cigar smokers (Supplemental Table 1 ). Prevalence of current and former exclusive cigar smoking among adults aged ≥35 years was generally stable during this time, although there was a non-significant decline in current exclusive cigar smoking from 2000 to 2015 (coefficient for trend = −0.09, p = 0.08). (Additional prevalence information for exclusive cigar smokers is available in Supplemental Table 2 ). After excluding users of all other tobacco products from the analysis, aPRs for former exclusive cigar smokers compared to never cigar smokers were elevated for heart conditions (aPR = 1.33, 95% CI = 1.03-1.72), stroke (aPR = 2.42, 95% CI = 1.57-3.75), and all cancers (aPR = 1.44, 95% CI = 1.09-1.88), although estimates were not elevated for current exclusive cigar smokers (Table 2 ). In 2015, an estimated 65,000 heart conditions, 62,000 strokes, and 66,000 cancer cases among US adults aged ≥35 years were attributable to former exclusive cigar smoking.
Discussion
US adult current cigar smoking prevalence was relatively stable from 2000 to 2015 at around 2.3%. These results are consistent with previously-reported trends using more limited data (Agaku and Alpert, 2016); however, they characterize the trends among established cigar smokers for a longer period. Statistically significant increases in current cigar smoking were seen among female and non-Hispanic black adults, which coincided with changes in cigar flavor availability and pack sizes and price, particularly in the mass-merchandise market (Delnevo et al., 2017) . A small increase in point estimates for cigar smoking prevalence in 2010 may have been due to changes in federal taxation of tobacco products, (Agaku and Alpert, 2016) although cigar smoking prevalence was generally stable during the extended period.
Cigar smoking was significantly associated with prevalence of heart conditions, stroke, and cancer, although for former cigar smokers only. This result is consistent with previous findings for mortality risks associated with current cigar smoking (Chang et al., 2015; Nonnemaker et al., 2014) , although it adds to the research literature by identifying increased prevalence of stroke, in addition to heart disease, among former cigar users compared to never users. The observed increased disease prevalence among former but not current cigar smokers in this study may reflect in part smoking cessation following disease onset.
This study has certain limitations. Smoking status and medical conditions were self-reported by survey participants and may be underreported or underdiagnosed, and the extent of misclassification could change over time. Self-reported conditions at time of interview represent the population prevalence of having ever been diagnosed with the condition, not the prevalence or incidence of the condition. Due to sample size considerations, we analyzed all cancers as an outcome, rather than specific cancers. This heterogeneity could bias the association observed towards the null. Prevalence ratios were adjusted for important demographic characteristics and health risk factors such as sex, race/ethnicity, and alcohol consumption, but this does not include all potential confounders. All covariates were measured at the time of interview, and associations between potential confounders and outcomes studied may have been attenuated due to behavioral changes following disease onset, a limitation inherent in using cross-sectional data. NHIS only asked about bidis, pipes, and e-cigarettes in certain years, but sensitivity analyses indicated that the effect of inclusion of these products on prevalence ratios was minimal. NHIS did not ask cigar smokers about the types or quantities of cigars that they used. Cigar type may influence frequency of use and depth of inhalation, which can affect the disease risks of cigar smoking. It is not known to what extent different cigar types contribute to the observed increased disease prevalence and burden for former cigar smokers. NHIS also did not ask former cigar smokers about the timing of their cigar smoking cessation.
Conclusion
This analysis has shown that nearly 200,000 cardiovascular conditions and cancer cases were attributable to exclusive cigar smoking among US adults aged ≥35 years in 2015. These results are consistent with previous findings that cigar smoking is associated with preventable diseases. Exclusive cigar smoking, aged ≥ 35 years c Current cigar smoking 0.8 (0.7-1.1) 0.9 (0.8-1.2) 1.2 (0.9-1.6) 0.5 (0.4-0.7) 0.08 Former cigar smoking 0.8 (0.6-1.0) 0.9 (0.7-1.1) 1.3 (1.1-1.6) 0.8 (0.6-1.0) 0.81 a Current cigar smoking refers to those who reported smoking ≥50 cigars during their lifetime and now smoking cigars every day or some days. b Former cigar smoking refers to those who reported smoking ≥50 cigars during their lifetime and now smoking cigars not at all. c Exclusive cigar smoking refers to those cigar smokers who reported not having ever smoked ≥100 cigarettes; used either chewing tobacco, snuff, or smokeless tobacco ≥20 times; smoked a pipe ≥50 times (2000, 2005) ; smoked bidis ≥20 times (2000, 2005) , or used a traditional pipe, water pipe, or e-cigarette (2015).
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Table 2
Adjusted prevalence ratios and morbidity burden by disease and cigar smoking status aged ≥35 years, a 2000 , 2005 
